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ABSTRACT
One of the important objectives of business data visualization for decision making is to assist the user in their cognition and
recall of prominent features and patterns of data.  In this study, we extend Chernoff faces to full-featured animated figures to
represent multi-dimensional data.  A prototype has been developed that allows the user to easily assign data attributes to
figural features as well as superimpose the data values.  Once these settings have been made and the temporal dimension
assigned, the animation is rendered through Poser and the video is embedded within the user interface.  The figural animation
contains VCR-type controls allowing the user to examine any particular data point or play any portion of the video at various
speeds.  A series of tests are being designed to determine if the application enhances the user’s ability to recall and display
patterns in data.
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INTRODUCTION
Visualization plays a critical role in decision making.  The increasing popularity of geographic information systems and their
use for decision making attest to the need for effective methods of visualizing data for complex, multi-dimensional decisions.
Decision makers have long sought techniques to help discover relationships hidden in multidimensional data, particularly in
data mining and complex decision support systems (DSS).  Mathematical, statistical and visual techniques have all been
employed in DSS and data mining applications to support the quest for discovery of new knowledge.  However, the curse of
dimensionality seriously hinders analysis of multidimensional data.  This is even more serious in graphical approaches, which
are severely constrained by limitations in human spatial representations.  In spite of various efforts in developing methods of
visualizing multi-dimensional data, no standard methods have emerged that would appeal intuitively to non-specialist users.
This has not been due to the lack of attempts.  A plethora of multivariate visual methods exist, such as such as radar plot,
parallel coordinates and glyph plots, but each technique can require significant user training, as the mechanisms used to
represent high dimensions are not necessarily intuitive.  In this research we build on the Chernoff’s idea for mapping data on
human faces (Chernoff 1973), and extend his work to the full body (hence, figural) and animate it based on the dimension of
the data.  This mapping need not be symmetric (Turner and Tidemore, 1980) and each data point may be viewed either as a
static  face/body or  one  that  shows expression  through the  use  of  animation.   A prototype  has  been developed to  show the
proof of concept.  The extension of the prototype will be used for testing the efficacy of the visualization method.
GLYPHS AND CHERNOFF FACES
Glyphs are graphical entities that visualize multiple attributes, and are used for “displaying complex, multivariate data sets”
(Ward 2002).  Chernoff faces are a special type of glyph that maps about twenty variables to various facial features.  The
choice of a face exploits the most basic form of human recognition and communication, i.e., facial features and expressions.
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The importance of such communication goes without challenge and several researchers have shown the universal nature and
effectiveness of facial expressions for communicative purposes (Ekman, 1982).
Chernoff faces were originally used to show differences and similarities among data points as is done in clustering.  This
static representation allowed individuals to discern among points that contain many dimensions.  Further studies by Scott
(1992) indicate that the use of Chernoff faces can increase the decision maker’s ability to digest data as opposed to just being
shown tables.  Though a human face may be easily used to display multidimensional data, it does suffer from at least four
limitations: unnatural/subjective mappings, unintended emotive states, distortions, and overloaded representations.
Figural Extensions
Figural extensions of Chernoff faces counter some of their shortcomings.  Although Chernoff faces allow for up to twenty
attributes to be mapped to a face, many of those mappings may not be natural or informative.   Furthermore, the use of the
entire body provides a greater feature set to achieve this goal.  For example, consider the case of three data attributes:
“satisfaction,” “recommend to a friend,” and “likelihood to repurchase.”  “Satisfaction” can easily be represented by a smile
and “dissatisfaction” by a frown.  If we were limited to just a face, the choice of features for the “recommend” and
“likelihood  to  repurchase”  may  be  unnatural.   By  using  the  body,  one  can  map  the  “recommend”  feature  to  a  thumbs-
up/thumbs-down continuum.  The “likelihood to repurchase” can be mapped to nodding the head.  Such assignments may
enhance recall and it is known that subjective assignments can have a profound impact on how the user interprets the data (du
Toit, Steyn, & Stumpf, 1986).
Changes in facial features may have multiple meanings and could be interpreted differently by users.  For example, consider
a Likert-scale variable called “Problem Resolution” where the closure of the eyes shows the customer was not satisfied with
its resolution and wide-open eyes indicates satisfaction.  The user may interpret the squinting as the customer was tired or
bored with the process and wide-open eyes may indicate amazement.  The use of a body does not eliminate this issue but the
availability of more features offers the possibility of minimizing this effect.  A non-facial representation for “problem
resolution” could include a person leaning towards one side, possibly with a cane, for dissatisfaction - to standing erect if
there was satisfaction or no problem.  In other words, the diversity of available gestures and body movements provide an
arsenal for data visualization that is not present in Chernoff faces.
Distortion occurs due to the different scales and uneven gradations that occur when modifying a facial feature and may
become more profound when using life-like animations. For example, a smile may lead to a compression of the cheeks but
the cheeks may not have been mapped to any variable.  Such distortions can over- or under-emphasize an effect and they
should be avoided or minimized when possible (Tuft 1983, Huff 1954). The body allows more possibilities of independent
movement and the distance the body parts move can be portrayed in a linear fashion.
PROTOTYPE
Given some of the inherent difficulties with Chernoff faces and their implementation as life-like faces, there is a need to
develop an easy-to-use application that minimizes the disadvantages of these glyphs and utilizes the body.  Such an
application would allow the user to experiment with a variety of options including dynamically mapping variables to figural
features.   Each data point’s representation would be saved as a picture and designated as a key frame of a video.  Key frames
can be accessed randomly or in cases where there is ordering to the data points, such as timing or sorting, the frames may be
shown in series as an animation.  Non-key frames, which utilize interpolation, can be used to smooth the transition between
data points.
A prototype has been developed in Microsoft Access and utilizes Poser by Creative Labs for figural animation.  There are
three major interface components including the Data Preparation Screen, the Figural Mapping Screen and the Figural
Animator screen.  The first screen allows for importation of the original data set and normalizes all variables to a zero/one
scale.  This transformation is needed so that the upper and lower effect size is known for the animation.  Without a set range,
the conversion of data points to the facial feature parameter values is unknown and could be subject to extreme distortions
such as a smile so large that it tears your face.
Figure  1  shows the  face-mapping screen  for  an  automotive  example  that  allows the  user  to  map a  particular  variable  to  a
facial feature.  For simplicity of illustration only a few features are shown and it is evident that the mapping need not be
symmetric as the right eye represents horsepower and the left eye represents acceleration.  The user may choose several types
of faces including a generic realistic face as shown below, a cartoon face (as is done by Chernoff) or their own face.  The
rationale for the latter is to captivate the user by showing their own or another person’s face.  It has been suggested that the
human face is more interesting to the users and thus they may be willing to spend more time analyzing their data (Everitt &
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Dunn 1991).  Digital representations of real faces can be accomplished in Poser by aligning the pictures to a facial feature on
a model.   Though the alignment process is easy and produces a reasonable replica, a fair amount of tweaking is necessary to
get a near perfect replica especially if life-like hair is required.
Once all the relevant mappings are defined and options set, a Python script file is generated for the Poser animation package.
The script file automates all features that are modified for each key frame and initiates a batch file for the rendering process,
which creates the video file.  The rendering process is by far the most time-consuming process but can be decreased
significantly by utilizing smaller sample sizes, lower resolutions, smaller display areas, static hair, cartoon figures and
advanced hardware.  Consequently, real-time animation is not usually feasible for most users at this time but the process can
be reduced for many problems to a few minutes.
Figure 1. Figural Mapping Screen
Once the video is rendered, the video file is externally linked to the Figural Mapping screen that contains VCR-like controls
shown in Figure 2.  Each frame can be accessed randomly or the frames can be played in their entirety as an animation.  The
speed of the animation can be controlled by the user.  Besides just showing the change in the facial features the user may
toggle on the display to show the values and variable names associated with a multidimensional point.  Additionally, the
player can capture images and display several images simultaneously, allowing the user to compare different points.
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Figure 2. Still Shot of the Figural Animator Screen
Cartoon figurals can also be used and they offer some unique advantages over their life-like counterparts.  First, Chernoff
allowed many facial features to change in size or position and this may be unrealistic or grotesque for a human face; e.g.,
exaggerated eye sizes with a very small nose.  Second, some effects are not natural for a human being.  For example, most
humans can vary the curvature of their eyebrows in a downward direction but not usually in an upward direction.  Though the
animation allows for almost any effect, it is probably more acceptable and less offensive to the user if a cartoon was used for
such effects.
CASE STUDY AND FUTURE EXPERIMENTS
At this point, the prototype has been applied to several data sets including the automotive data set used by Ross Quinlan for
demonstrating data mining approaches.  However, to determine the efficacy of figural animation visualization (FAV) requires
more planning and depth as evaluations of data visualization techniques are seldom undertaken (Morse, Lewis & Olsen
2000).  In the first phase, case studies with real data sets will be carried out in order to explore the ease of use, effectiveness,
learning, entertaining and absorptive qualities of FAV in a real setting such as manufacturing and financial services.    The
comments and feedbacks from this phase will be used to first refine the existing prototype and then develop a theoretical
model for testing FAV.  We posit that the familiarity and entertaining quality of FAV could play an important role in the
cognition and affective processes, hence promoting a more absorptive and effective experience.
Since the concept of figural animation for data visualization is relatively new, there is little knowledge about the best way to
apply  FAV  for  effective  presentation.   Hence,  in  second  phase  of  this  study,  we  will  examine  the  impact  of  FAV  design
parameters in enhancing the effectiveness of the visualization.  More specifically, we will explore (1) the fit between types of
organs and types of data attributes and the criteria for mapping data attributes to organs, (2) the potential differential
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influence of using real person figurals as opposed to generic and cartoon figurals, (3) the differential impacts of organs in
data pattern recall and discovery (e.g. eyes vs. limbs), (4) the differential impacts of movement types (e.g. head movements
vs. arm movements), and (5) the types of data that are more suitable for FAV.  This phase involves controlled lab
experiments.  Multiple FAV applications will be created to be used as stimuli in the controlled experiments with a factorial
design.  The data on potential moderating factors, such as profiles of subjects (e.g., age, visual efficacy, and extent of
familiarity with data attributes) and application environment will also be collected.  This phase is intended to provide an
insight to the role of FAV parameters and could contribute to providing a reliable guideline for the application of FAV in
various business and educational settings.
CONCLUSION
In this research, we propose visualization through figural animation that has the potential to enhance data visualization under
certain conditions.  The prototype discussed in this paper presents an approach that expands the functionality of Chernoff
faces and provides mechanisms to minimize these disadvantages.   Given the increasing familiarity of the general population
with animation and visual stimuli, developing methods of data visualization through animation could reduce cognitive
resources needed to recall or discover patterns in data.  Figural animation brings data visualization closer to humans.  This
increased “humanization” of visualization could enhance the quality of visualization and open new venues for using
visualization, such as rapid pattern recognition by non-expert users.
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